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Abstract of correspondent: WO 02103782 (A2) 
A damascene process for introducing copper into 
metallization layers in microelectronic structures 
includes a step of forming an enhancement layer of 
a metal alloy, such as a copper alloy or Co-W-P, 
over the barrier layer, using PVD, CVD or 
electrochemical deposition prior to electrochemically 
depositing copper metallization. The enhancement 
layer has a thickness from 10 ANGSTROM to 100 
ANGSTROM and conformally covers the 
discontinuities, seams and grain boundary defects 
in the barrier layer. The enhancement layer 
provides a conductive surface onto which a metal 
layer, such as copper metallization, may be applied 
with electrochemical deposition. Alternatively, a 
seed layer may be deposited over the enhancement 
layer prior to copper metallization. 




Data supplied from the espacenet database — Worldwide 



JP 2004-533123 A 2004,10.28 



(i9)b*b«i*it(jp) a?> £ 35 W If 4* SB (A) ai)mFUM&««# 



^^2004-533123 
(P2004-533123A) 
(43) 0 3P«16*10H28B (2004. 10. 28) 



(51) int. CI. 7 


F I 






HOI L 21/288 


HO 1 L 


21/288 


E 4K024 


C2 5D 7/12 


C25D 


7/12 


4K029 


H01 L 21/3205 


> HOI L 


21/88 


M 4K030 


// C23C 14/16 


C23C 


14/16 


D 4M104 


C23C 16/06 


C23C 


16/06 


5F033 






mm* m *»# ^mwmmm (± 42 h) 


(2i) aus®-^ 


flJ$2003-505996 (P2003-505996) 


(71) »1A 


503457334 


(86) (22)£SiB 


5FflE14#6^14B (2002, 6. 14) 






(85)fBK:XJ)ifflB 


(2003.12.12) 




K 


(B6) si^tasa-^ 


PCT/US2002/018793 




f?i)?it)V~TM 9 4 


(87) S^aUSS^ 


W02002/103782 




538 -7>V^=>h ^>flM K ^— ^ 


(87) mm&mn 


¥^14^12^270 (2002.12.27) 




^x-f 47131 




60/298, 138 


(74) ftlA 


100075753 


(32)«5£H 


^m^mnuB (2001.6.14) 




#3g± fit* fig 


(33)«ft«3:^Sl 


*S(US) 


(74) ftlA 


100081341 




EP (AT, BE, Ch\ CY , DE, DK, ES, Fl , FR, 




#Sdr /M* BE 


GB 5 GR, IE, IT, LU, MC, tVL 3 PT 5 SE, TR) , AT, CA, CH 3 CN ? DE, DK, E 


(72) nn* 




S, Fl , CB, 1L, JP, KR 5 LU, NO, PT, SE, SG, US 




T^U^nfRHB *'j7t;u-7)Hi 9 5 








07 0 K 7-^ 








-Y^ 12932 











(54) [£§Bfl0«t*] (IgiSfflaBiiyA^^yMi 



(57) 

<D±^ PVD, CVDtfcliS^ftffi^^^a^ 
10A~10 0A<?)S2 4:tU KitJllc£>tt£7Rg^ 

"C, v- K/f > h^<7)JitC'r f #v J '~>3 > 

LT&«fcV» e 




JP 2004-533123 A 2004.10.28 



[ & it ft * <r> m m ] 
im*m i ] 

i t tz \t m m <r> m * w sr> m it & is it h tx tz m m * m -r %> m a- w m, =? m x & ^ <r> # ft m x 
m. & v> x , 

( a ) X IB W H f B m ?i co IS IS £ ^ tr X IB M * Jft S ^ iP X n ° B f5 W »= I* £ « £ M ir Z> X 
<b) ± IB K ffi Ji co X ic , ^^i^iXi^^y^^ > hJS^iit^ISt, 

(c) ±ej:>a>^^ > Mwicis^i^^oi it, -tiB«/Maw«ji*-3te*-r 

2 I 

_h ib > > x > > nii, n ^ it # fit 7* # y > 3 > x s * m v> x m m z ti s £ t & m w 
t -t z , if i {zfB^<o®/h3gm^i)px B a H -s«o#s#jnx^ 0 

[ IS * A 3 ] 

X IB « ft it m fill ** a J v a >ISI±, * E #f o # tH)6o £ h j6» & & £ ^ A/ - -f b 

si?$jisct^tttt5, if * js 2 ic ib m co is /h m =¥■ m x & ^ co ± m ft m x m 0 

Iff M 4 ] 

±fBJC^/N>^,^>h®[±, CVDIitH>T®«SilS;i*!|fftttJ, Iff * « 1 
[ IS ^ S 5 ] 20 

±IBJn>^>x^>hgt±, pvDit tfflv>tjgssftj:tiftittJ, ft * n l 
ib m co jg /h m m =f m x a -n. <o & jk ft *p x a o 

[Iff** 6 ] 

£ , Iff * 31 1 K IB « CO jg /Jn ^ « =f- tin X n ra n ^ CO # # *Q X 5g „ 
[If * « 7 ] 

± IB x > >- x > > Uli, 1 0 A - 1 0 OAcoJ?$^cf^^;§ ; f^^c:i:*#mt-r-^.^ If 
*3iii:iBiftoiB/h^« : f-jnXp i a^<9#«#jnxSo 

[«f*9l 8 ] 

^ j£ $ ^ tz X IB % a Ji l± % « *t B , ^ Jg ft 4 (± A # ^ Hi * m L , X IB zt. > ^ > 7, * 30 
> Hli> lEIBlia >7*-7JK:Roc:tt»itt4, it * « l «c SB f5 <o ^ /h 

w m =f- m x & — «t> ^jr # an x m . 

tit 9 ] 

±lBJt>/^>x^>h@(± s fl^4i»6K)aSfiAi ti^lttti. If * « 1 (c IB SS CO 

s /h ^ m ^ *n x a ^ co & m ft *p x m. B 
i m m i o ] 

XlBS-g-^ii, Cu-Al^ Cu-Mg. Cu-Zn, Cu-Sn, m^dtt^cO^-^CO 

ft % t> * * ^* ^ - ■/ co 4> ^ <b a (f ti h z. t * # m t ir i , if ^ ji 9 ib *g <o ® /Jn b m 
it*ai i] 40 

IB |R co jg /J% ^ V ^ AP X p H n ^ CO #M ft *D X f| 0 
[W 3ft SI 1 2 ] 

X|B27E^-^(±, Co-Pt*S;tf!|iitS, If * IS 1 ltC|B«co^/j^ff^«^JpX 

n °p ^ co ^ js ft *p x m o 

[ff^Jl 1 3 ] 

r ib « co ffi /j* ^ m ^ hi x s co ^ m ft ftp x « o 

[ Iff * H 1 4 ] 

xib3te^-#i±> c o - w - p t & z z t z&mt-r *> , fij-%tT%i 3 izumvm/bj&n.?- 50 



(3) JP 2004-533123 A 2004.10.28 

± IB J. > s\ > X * > h m <n X lc ^ ^ * *p § $ it £ X 15 # f? i± IB Tr afe & d fc £ ft ft k *t Z> , 

6 ] 

( d ) X 12 jfi * ^ V =¥- ftl X B a p <7> m W *» <b ± IB # JR <0 g|5 53" *r & * -f & X #1 , 
£: A/ "C & £ £ t £: # !fc 2: "t & N IS * H 1 IB * <0 jfi * » in X n Q R *x <n £ JR ft ft] x m o 
[ » * 3R 1 7 ] 

± ib & m <d m cd it, it^m.mmm\- i s - t * # st tts , ttn 6 k k « o s 10 

[ If * 3ft 1 8 ] 

± ib m ^ m m ¥ ft) x n a n ti v >; 3 > t tz t± t -ft *r u * a ^ # ^ j. - /% -e & * c: t £ # gt t 
1- * it * « 1 iz ib * co a » k ^ fti x n D n ^ <o & m ft fti x s ° 
[ « # # 1 9 ] 

1 K|Bm«^*^S+-ft]X a D n '\^^mf ftlXS lUct, @/h?f?B^ft]I B a n tcffJjS: 

8fifc:fct#ltti, EMj£*o 

[ If * P. 2 0 ] 

1 S (±^im^^/hIH]^»it^K it ^ 4 ^ ®/h^S^ftJXp D p^«^Jli#ftlX 

S (: ^ !<> T , 20 

( a ) ±SB«/MHffl«itOitlS £ # tr X f B ig /h 7£ « ^- ft] X p"p W gc ® KM© * j& j£ -f « X 
8 t > 

(b) X|B|^ffi«W±^Ji>/N>x^> UtiBStSIgt, 

(c) ±iei>A>x^ > h Jf <0 X iZ -> - Kliflt^IlIt, 

(d) ±!E-> - Ki<?)±i:#S$t^*o| Lt, XIEf&/MH]g|51*ji£5fcgE-r.&X8fc, 

^^^r^^it^tstts^ s /h ^ « ^ fti x ^ ^ £ fift ft] x « <, 

[ » * « 2 1 ] 

XfB^>-/N>^^ > h m ii , E fC f fc # fi*> *° v' v a >Ig^fflv^IS?ii.s;i:?:#I 
tts, if * 2 o k ib ft o a * 3& m ^ fti X & ^ <r> & m ft ftl X © o 

[It #31 2 2] 30 

±El^ft^fl5 7'#> J v 3 > X © (i , il^feo § t « id o § t A* <b & & ^ ;u - 7* t> 
IjR?ns;t&!Sf it5, it* SB 2 1 i:Etw@/h«Sf *Dl B n p's«iS#J[nig 0 
[ if #jk 2 3 ] 

±Exv^'/^> ^ Uli, CVDIitfflV'TBftStiiiiiKflttJ, »*S2 
0 IB f & O jg /h 3g « ftl X p°p - <0 # JK ft fti x a o 
[ If * TR 2 4 ] 

±|BJi>^N>^^>Mi(±, P VDIltli/'TlSJtiiit^teitt^, If * 2 
0 ic IB m <0 jB /h S * ? ftl X b q b ^ co # K # ft] X o 
2 5 ] 

± IB jr. > v 7, * y b« r± , l 0 o A * ti -?• ti Jit t o 9 § $ *l « c: t * # m t f 40 

S % If *m 2 OtClB^^^/hBm^ftlXp^-O^filftftlXSo 

[ f t * m 2 e ] 

XIE jh > > X ^ > b m It , 1 OA-1 0 0 AOf $l3S?fi.4ii:S:§itti, If 
2 0 g/MlfjDl» D p ^JHftftJX^o 

[ If * a 2 7 ] 

J&J&S*Lfc_hlE»g«li, m ti g , 7pa«4fctt«rMtt#^I»*#L, X IB i > ^ > X * 
> Mli, ±ISBt@^3>7+--7;n:S^i*f8ctt^, lf**2 0CC|Bft<?)j@ 

?k m ^ fti x a -\ ^ s ft fti x m o 
n#a2 8] 

X IE a > > X * > tmi±, *^fti»*)J5)SSft4i t*!|ltt4, If * IR 2 0 K SB ft 50 



(4) JP 2004-533123 A 2004.10.28 

COi@/«^^iHX n Q n ^<0£JK#inXS 0 

[ mf * * 2 9 ] 

_t IB m £ (± > C u - A 1 , Cu-Mg, Cu-Zn, Cu-Sn, R IT Z fl h <o £ co 

m it w * h m & ? - f co * frb m it ti & z t * m §c 1 1- * , it * * 2 8 u ib * <o m * © 
m ^ in x p° P ^ co # jk # in x m . 

[Iff ** 3 0 ] 

o \z ib « co is /h ?g « ^ in x p d p ^ co # m it m x e 0 
[if** 3 i ] 

X 12 2 X & f± > Co-Pt*Kt^Stt^ Iff * * 3 otciemco^/h^iE^inx 10 
[ IS * II 3 2 ] 

_t 15 J. > ^ > * ^ > MS ti , 3%-&-&aj*!»5Mb5eja:$ft4itS:#8feti-4, Iff * * 2 

0 tc is « <o & /h ^ m ? Ai x p° n <o & m ft in x n ° 

1 Iff * * 3 3 1 

X IE 3 7U # [* , Co-W-Pfli^CUSIttS, H**3 2^I2«<0@/h^m : f- 

in x i?p ^ co # jr ft in x s c 

[ft** 3 4 ] 

X IE ^ > ^ > * > M©J:l:lSfto^ S ii4 ±E^« liiT* 4 i i: t t 4 , 

is * * 2 o (c ie ^ o j@ /h ?g « ^ an x & ^ <o # m # in x s c 20 
[iff** 3 5 I 

(a) x ib e ^ ^ an x a <o * ® ^ ^ x ib # g w ^ ^ £ i& * 1- & 1 
^^Atisi^tfttt^ iff * * 2 0 k ie m co & /h m m ? m x .a ^ <n ±m it m x a 

o 

[ iff * * 3 6 ] 

±B2:fe«coS5£-co|i£*l±, f b # « « J3f * (- J; & Z t & t 1" * > H*3J(3 5 

/h « * in x H a « co & ffi ft an x m „ 

[iff** 3 7 ] 

XIB^/J^^m^ipxp 1 ?, 12 ~> y 3 > i tz i± t ft # y ^ a ■> x. v& h z t i t 30 
1--siff** 2 0 jcE«ojH^»«^Jpift^o^Jls#iiaxfio 

[Iff** 3 8 ] 

iff * * 2 0 tc ie m co ie /j> ^ m ^ m x p a p co # jk # to x e ± 0 r , is ^ 3^ m ^ sn x & tc ?g 
[ iff * * 3 9 1 

m /h ^ * ^ 11 g& * Jt ti as p°p * » it i- * * co & m. <r> & a t # ^ -e a ^> ss s 9 > tc ±3 v» r 

, ± IB « co « S co 1 4 7t l± IK Sfc K * t± > X IB M A- Wt S ^ 0 B 4 f± n a n * 3^ 1" & tz 

ib tc ffl v> e> *i * ® /h % m =¥■ m x B n n co m ^ & m * 9 - > a x m \z ± o t g me * « * 9 # 
tt * 7t * K m ^ h it , ± IB 1 i tz it « it <o x e at : 

S 1 (Of^yy a > X S i M ^ T , X IB j@ /h S i 1 - ijn X p°p <0 g ffi % ±U&mmm<D±U 40 
# » J£ I" S « « it # fill f # v v a > - ft S«J (c jg $ & v» If K * * # in -r * ^ a t , 
|2«f#y'y3^If*fflt>T, XIE^^^coXic, ±|B»aES<^^:a5j3-tcaa-f* 

> b § *: # in -f & # R t , 

A.-? $LZ> z. t *s&'ikt-$- z>m?&^ 4 > o 

I Iff * * 4 0 ] 

± |E ^ > ^ > ^ ^ > b*«r#*Pi-4^|£l±, t^ft^Wf^yy a >ffl<??««-e**i fc 
[ If * * 4 1 ] 50 



(5) 



JP 2004-533123 A 2004.10.28 



_hfejn>^>x;* > h m £ ft an •? z> ^ & a , as m is? *6 o &xetm&*o iigt*^* 
* /u - y frb m K $ n £ * *c it # t* # ->* -> a >xa£*fT-r*£ t itttt*, if 

[f*S4 2] 

±Bx>/n>x> fhW* ft & ii, cvDigflwitT-fesct^^tts, 

[1*9(4 3] 

±ft*> > A * > H^tiDtSfgli, PVDIgfflWlfT-iKiilit^ 
IS 3t m 3 9 CffitOKSf-f > o 
[ f S * Jg 4 4 ] 

x se > ^ > * * > Mf4rfl-*ni-<6#Ki±, ±iEi?ffi«<o±tc±i5J->> f N>^^ > b jg £ 

, 1 0 0 A t iz \t ix J2JL T <T> m £ tz , ^ > 7 * - v ;v K tt in 1" & £ £ rt* itf *l * £ £ t £ 
[It #31 4 5 ] 

XiB-x^^^-X^Vl-Jgli^ Cu-Al, Cu-Mg, Cu-Zn N Cu-Sn, C o - 
P , C o - W - P , RZ? £ ix h <r> & £ <r> is m *» t» 3 ^ ^ - f <D * *» t, Ml£ iX tz 
<bff^£fL£^t£!gm^-r&, It * ^ 3 9CEfWSl5^ >, 
I f ft * « 4 6 ] 

_hiejL>^>^^ > n<oj:^^jR*msiffc#«uftini-&^g(:ii, x ie & m t us?: 
ft in 1- & £ t tf* w t i * £ ^ i: £ :i# i& t -r & , as # jr 3 9^ia«E<D^it7^> 0 

[S»#*H 4 7 ] 

[ m * g 4 si 

M 4 7 KSEfcroRai? -f >c 
[If M 4 9 ] 

XlEiS/h^lg^-JnXS (4 v 'J 3 > f ii t -ft* 'J »> A ¥*fl>? jc -/n -p* 4 £ t £ <%Wl t 
ir Z> m * 3( 3 9 l=|B1ftOR5t9>f > « 
[ m * * 5 0 ] 

m * » « =?■ 0 s& s ti u n a « * ^ 1- s jt to iz m ^ % it %> m * » v ^ m x a co 9 ^ , & jk 
J. > /> > x ^ > h m & ft *p f * ¥ s t % 

x is -i- > > x ^ > Mo±^&fi**jKft*»jcfj-inii-**ftt, 

I » * 3R 5 1 ] 

jt ie i > ^ > ^ j« > b * * ft in 1- * * & ti , t<tft*»7#^i' a > mmx"& & z t*m 
mt-ris ts*«5otciemco^So 
imMm 5 2 ] 

± IB i > /n > ^ ^ > hS^ftJDi--S¥aii^ telg^too § t^^too § fc *» & 3 ^ ;u - 

7' ii a § ^ % % f t # m r *° v -> a > % m n -t %> z. t * # m. 1 1- & , is * m 5 1 ■ t; ie 
1 w * « 5 3 ] 

fcttlft©*v-Kt, X IE 1 tfcliUfteomSZitfXIBl f i± ft ^ o * V - K * X 13 

s /h » * ^ in x p d p ^ ii & 1- z> n -t ^ at # t * # ^ -e js & c t s- # m 1- & , is * m 5 i 



(6) 



JP 2004-533123 A 2004.10.28 



k is m r> m ffi o 

[ If * 5 4 ] 

± IB 7 s n -h Sf[ 14 , fifcliCu-Al, Cu-Mg, C u - Z n , Cu-Sn, Co 
- P > Co-W-P, XW J i^fe«5iS^-»**e*4* r n/-y!5»C>aK$!ft3t^-^Sr*oS 
i-*jt*e>o*»tRt?** - k its, W # B( 5 3 fc fl3 « tf> S « „ 

I K * 3l 5 5 ] 

±IB^>^>X.*>hJg£ft;(Hl1-&#&:!4, ±|B^>^>xp<>MS£ n ± IB » ^ B o ± 

fc , i o o a * fc i± ix m t «o $ ic , 3 > 7 * - -7 a- \z ft jn ■? & z t a* n m -e & & - fc 

[ 5 6 ] 

±|ejc>/N>x^>h®(i. C u - A 1 , Cu-Mg, C u - Z n , C u - S n , C o - 

ft*lJ(5 0fc|B3£cD£ggo 
I M * H 5 7 ] 

± IE > /n > X > b*<a±^<3&JR©«2Cft^Wttfl|i#fS^ ± IB £ f% fc L T » * ft Jo 
■**£fctf t Rrt&-C*££fc*«F«fc'**. If * H 5 0 fc IB i£ CO S fi o 

^SEWttJlSrftiJPi-i^Rll-hlBSfllOlitl <n + t > /< - ft fc $> *) , ±1Eji>/n>X^ > 

h**#ifl-ra^jsn±aasi«wiis 2 co ^ •v - ft fc * a c t ^#ttt^, iff * at 5 
0 fc ib «t <r> m m o 
[ if * « 5 9 ] 

v >sy 7, * y h jg co _h &m & it ^ m fc ft 1m -t & ^ & (± ji ib m s <d m 2 0 *■ * > /< - 

ftfc&S£fc£#&fc-f*. if * H 5 0 fc IB *5 CO K fi o 
[ If * 31 6 0 1 

± fa i > ^ > x ^ > h jf * ft in -f s ^ s li ± hb K g <d m 1 co * -v > /* - ft 1- h "9 , isi 

/<-ft<0±fBJ^^>*;< V b«*ftim-fS^&i:|3IU¥&*ib4££fc£i$«i:-rA, 

[if *m e 1 ] 

± IB MS. /h ff£ m Sn X B ° n 14 v U a y i fc (4 K f fc # V 7 a ¥ if # 9 j. - ^ "C * & £ fc * 4$ ft fc 
t4, If * Ji 5 0 fc |B ft co (K B o 

[ f§ BJ CO » iM =& R ] 

[ft* 53* IP] 

[ 0 0 0 1 ] 

mm wtrnm l, i^s#i*£fa±s*£ tz>b<D, m%.it¥& r 3 yumizm-r 

2> . t-* # v v a > $ ^ ?S IK CO i > ^ > ^ > > b V 14 , Iv>IIi t Lt, R X>\ ft«t 
Jfflfec II?I©fcJ!)<?5y - Kl (IS, seed layer) t USS^o 
[ 0 0 0 2 ] 

*£r}SIt±> 2 0 0 1^7^2 5Bffi|i<7) > *Bl 1 tf5Etil M 1 6 0 / 2 9 8, 1 3 8 * ft -2 
[ 0 0 0 3 ] 

« e * (jt ^ 7f f-y a >) * - > t4 , &#.v>T'ij zzmigtLrmmm&iMiR 

■f-4fc*fc^5fe*4o*ttl6jffl*LSI ( U L S I ) f- '7 7° CO * ^ fc (4 , 6 * fc 14 6 lik 
lOtSItl^-tCfv^iiSo * m & M M fc 43 v» T !4 , M«-f*W^O-+fe*r«il»' 

S ifc (4 i# *D -t * k =¥■ M Z it Z> 0 



(7) JP 2004-533123 A 2004.10.28 

1 0 0 0 4 ] 

* m m ft <r> * ? -t <d h m a , *«u*it*«-9-eaaiKt=j:oTtuiRs*t4o « fs st s 

3E 14 , TRCJ lit LT^titTVUo El ft CO S £ E£ # & £ *6 tc li , 3£ lite l?g 

-r & r (mm.) tc (mm) wM^*«c,tit#is-c*j 0 iii7)K;n 

[ 0 0 0 5 ] 

^IV'fejtSi^^Jj^fjHi/'i/s > i: -e ft tc 51 * ft < * - ^ > ^ tc ft £ r , m ft 
li — tC £ ^ * - > 5£ j£ ( ^ ^? v - > ; d ama s c e n e) I « £• ffl V* T ff2 £ ft & 10 
o & m 9 - > M WL I e tc £ w T (4 . $ ft ^ ? - y ft #j f§ ^ # f|. to 4, xv, ^|j £ ^ £ 
o ^ V s "C , lis fjij § ft. * - > tc A tJ* 4K $ ft 4 0 ^H^IIi^v>f7-f - Jl/ F«±^f, 
s ffc*««WS ( TCMPJ ) £ ffl v> t £ ft & 0 ^HftBft^ v -?<F> ef 1=38* $ ft « 
^OS^^J^Jg*^^-f^fcit)(C % /< -f T * - A' t5 ? ffl V> <b ft £ o fSA^-> t;q7,i! 
- A- ? - > fc glj IB (C 3£ * , W jB £ ft £ *§ tC (4 , £ CO 1 ig (i - A {z r*.&JR^^-> 
%$L\ t Pf li ft £ o # ? - > t -f T * - >v /\* 9 - > co M 7j a* PI B# tc ^ j& , Sf m £ ft 
**£-tcti x ioifitt-jfti: r^^JR /1 9 - >WJ£ J tuftfft^o 
[ 0 0 0 6 ] 

Kjao^*^j'-v3l«iat:*v»Tll, a * * A 1- & Us tc , ^ * - = y ^ $ ft tz m s ft 

« * H CO X tC , ifK»f*y->g ^Sti, ?feV>TJ/- Kltf -r # v a > £ ft * 0 K 20 

V li > M f / W ^ fl J« co ^ J£ tt 1" & d t * PA it ■* & i6 ic ^ s t» * i o 3H # v >; 3 > 
hSSLTvSi, ffl t± v >; n > co f A >f x ft m £ x jj? ^ )V -t & o a # , ft v>S ^ # ^ $ 

l± M <fc # S S S t L X m i£ ft Z> o ft « W * |« S S # *t- tc (± , ^ > ^ >u , ^ ft ^ > ^ 

^ . ^ > ^* x 7^ ^ , gftr/^xf >, =f- $ v , a ft ^ ^ > 3&« 1 ft 5 0 -> — Kiii, s 

*ft*fif#J'i' 3 ^EftO*:»»=*«tt*«»L, §l # ft < ffi ffi ft ^ •> <?5 * co & £ 
*t-f F (-i-^yi-vgV-y-'fh ; nuc l ea t i on s i tes) i & 1" 

4 * tc ^ k -c* h %> o a # , y-K*tur«S6i-4fcii><ojiv»iHJi5atBna!Ji^jtic7 i 'sj? 

V V- 3 > ^ ft 4 o 

[ 0 0 0 7 ] 

*0^«/<^->»jftK4t-J-**4«H4rlf3R01oUt, ft gij $ ft fc ft <h S « tJ" <0 ®. 30 
^ ?t It h V > 9- %. 0ffl& T X ^ ? h ft («S**t?RJtLTtHt) O^^ + ^Ii^^Cf 
#f '/B'/tiiv'^ttii, 1S^< y*l8li, ft a ii * *fe ( T P v D J ) 4 it li 
ft^ftffiEScKfe ( TCVDJ ) Cttl,TAff4¥if y/**tttt40T, -«StcEft 

> y ft ^ 0 m ft ft # w -r # v -> 3 > is i± , h v > f- o^t-sp £ n) i> * 

h U^^fiOrtSB-N-J: i? # < <o m i f *° v* v 3 ^tKt#?8SOf, L If L (if r © 3t * 
J tPf 14' ft Z> o 
[ 0 0 0 8 ] 

P V D ft Iff tc (i , x. ti\ DC/8P^?X7X/<5ijiij>^, T X X y 9 *) > ? 

s y ^ }• u > x y 9 v y y , ■i*>-fv-7-J>>f, £ ti it 4 * > it * 9 ji< 7 ? X •? 
X y-f y ^ »; y 9" <o i. o > a * <?> * S 0=' X ^ y > 9' & m # 4 ft 4 o -feCPVD 40 
Utt, * <?> ^ ^ 14 * J: o» Hi ft ft co 7t tb tc , y>=/>-7 ; i---7ji-^ (Bftlcg^t^vO 
T # V a y ^ ± C 4 o CVDSf Cli, M A li\ |iC VD, ^7X7CVD, © J± C V 
D, SECVD, #I-f iCVD* s tin*. C VDIgli, # < CO i# ^ , 7 >f - ^ K 
X^i7PlpcoiliJMS.O f ^ffi^^tr^:®Xtct)7t-QT«^±|;-^^$oo, 3>-7*--v;i-^ 

( B ;K tc £ £■ L ) ■f ? jK> r v' a >S'4t4 c 

[ 0 0 0 9 ] 

M , BllftO'y- x /<? y ^ i; > ^* ^ ^ y ft * y 9 <; > y <7> x o * P V D 

ISC i o t±|:f #y'y 3 > $ ft S 0 L tf L (i\ ill S^'v - K S li ^ ISoa > ? 

5 - v a y * S tt h tz tb tc ^ £ 4- If i# L 4 f , 2 o (7) ^ ^ 4 K 3g f - > /f - co eft f % 
IlLTf'f yy 3 > $ ft -5) o CW i ^ if-f 3 >If(;iMti ^ 'J f */U*7 7 50 
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9 9 ~ 14 , & M 9 - > <D ft ffl , # K IJr £lj $ ft H £ [± y V > S. ^ 7 * - JKZ) #J| 

i & M is if z> m <n J? ? t? * & o — « u , i <D 4 d ft I* M /* * - > <D tp \z 14 , 
O ¥ 6 * ~7 <( - & K % m <r> _h U H If %> 4 ij «.fv>Ii^P VDII}:ioT«*$jiS 
o :oi74l»Xf ( & H % S ft ) if t6 * e> m JB t ft o X v» & 0 Iti 

% 3jc l t v> ft it ft if & e> -f , & Rg a* h o t i± & e> as? ^ 0 v - k m k is \f %> & m t tz it & m 

[0010] 

x t- y * v ? v * & # -f s ?t % he a « & if - KiicvDigciotf 

-> a V -t * i t jj* U. * ib ft T v> S o L ri» L ft # > S4taSiT?CVDISIiP VDI 
«J;l9fcA»ftilS*S:^t4m±SJoT*se,r, i t C V D If !J P V D IS i H t ffl 10 
t5 s * & . C VDISiCiotf *"-7y s >?^if;a«y - Kft±, M „ -fg * 3f t , 
iS ^ ** £ i: x ffi p° S CO IS H B B ?j {& £ * L , d ft h It , £ co 4 -9 ft v - h* € o _h tc it flp o ffl iP 
M % it # m \z 7* # v v 3 > $ ft fc t i ffiM i i> fz h -t o U i± , P VD^CVDiiti: 
ffl e> ft , C V D X 5g K «t 1 X T # v' v 3 > § ft tz m <T> v - K Jg <7) ± , P V DISC ± 
o t ?J Of W y - Ki J f-f v y 3 > f 4 o «1 ft \t , C V DlgCMCgf $-j|ljllt ^ i 

V y : J \z m -t % ± $i <D ffl M * f h & IZ *> ^ t> h -f , <K ^ t LTSi Lv^Ot L t 3$ $ ft 
[0011] 

P V D f *' y •> 3 > g t i: # L T 5 | # 4 H t V ' J A>\ : ©Slli P V D C i o T f 20 

V is a >?ifl,fcgIlXCFy- 7 -f ;l/ A IS If ft O ^ IE * fp jfe I - S <T> \Z + ft X" It ft V» 

0 T'/W^.cOTt-fell^^L^ttrv^o-e, # is x it „ H^>f IS±«gi|li 

1 0t/^-?HTtts:tt5L, J: »J JK * * K * ic -ft- St i" * * O ft -frfiE* #S # 
$ ft -5 X $> ?> n o 

[0012] 

mm<&f? 6, 136, 7 0 7 -9-14 , C V D iz J: o T M $ ft ft 1 <7> m <D v - KJB * , P 
VDC iotlJS§iifc*2 OiOv- K* t t J J ft * I t v> S , *H#S^6 

, 197, 1 8 1 ^ I* , r ;u * >; * o g m & h n. m w t= r* # v a > $ ft 7t ft 1 <o m <r> ^ 

- K m * s P VDCJ;oTBt$Jlt*20ffl?)y - Ki tg^f JJSt H^LtvS 
„ £«J;tI:, ^ft^co#f^(i, P V D i: i I, I?) -> - Fi w Sfif * #f ft?; I^f ^ 30 
tt>\z^ laoig^gf Ltv^o L>4^Lft^ ? ib, iftibeo^fg^tc^^^ftfc^- 

i£ 14 , ^ FiS «o * -5. It ^ ® ^ a f4 I* « )g t m v - K m t <d ffi <r> ft a S 0 K i o t 51 # 
j|2 i $ ft £ , v» -f ft <n ffl m i> m & U T (4 v» ft v> o 
[0013] 

if ft 2r a m *> ^ * * <b ft t v^s 0 

[0014] 

[SfiFfrAltt 1 ] 

* H # 6 , 136, 7 0 7 

[ # W * ]R 2 J 40 

* mftW 6 , 19 7, 1 8 If 
[ * W <v ffi ffc ) 

[0015] 

* H (± , ffcfc^SfflncfcitAi&oMHjafrPiKL-C, jft T ^ ^ 9 h it o 7^ X *>* h ^ > 

[R«**ftt4 fcfcO^R] 
[0016] 

14 , 1 * tttt3SO*^0a»fl|Jft^1ft it ft 3t *® * % trS/Jsf^m^ Wa D B ^(0t 

S'^t*DXS^o : •^^#SDg^^:^•^-eft a 0 £ ^giisfMi 14 , a#i4, -> 3 > 50 
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4 tz (i K it 2f >; * A J. <75 J; o ft ^SH*^ i - ^ "C * & . S 4 L < (4 , ft JO 1" 

£ £ S (4 T" & N ^ W S It i ^^ft^-X-^CDtt 3 ^ h > , /■? >f 7 ^ w fl, ^. 

«5 flb <o ffi m <n * I" , fil^^-^i^Iii^: ^J-MlSifflvtM 

v £ ^ $ tz ib k it m § *i & 0 

[0017] 

(a) «fc/M3«|5«jS«)S[H*-a-tr, iB * « iflX S O l*S ■ * Jil 1" * !« fc , 

(b) ±IEBIi<o±i:, ^•ii>f>i;*x/'A>^ J t > MtiStilgt, 

( c ) xtfi^>^>x;>«>hJs<9±i;:#«£m^;*6o#LT, ± f e /his sr> « 5t £ 3fc « -r 

& X @ i: 

* -a A T? ft -1. o 
[0018] 

2H< !i, _t > ^ > * > I- J§ [4 , i?S*oi^SgJ6oi>)i7i, H;$Ht# 
fif^fWs^Ifitfl^T, 1 0 OAifcli-f^lT^S?, lUdil 0A-1 0 

0 A«ISi:JgSt&, *4v>li, X ffi .x > ^ > X > h g (± , CVDIiifcliPVD 
I8ifflv>T»*LTUv> 0 

[0019] 

1 ooSftfOllCisv^tt, ±SBJt>M>^^>Hjj|i % c u - A 1 , Cu-Mg, C 
u-Zn«^ft< U 1 7 4fH^4*fe»jtt4o Illso 1 o«5^*©f 8 t 

{4, XfBx>/N>Xj<>Mlt±, Co-P<0J:^4 2S^4SL)Sft, f /;I±C o - ¥-P 20 
<d i. r> ft 3 jc^ftaftft^^iSt*. 
[ 0 0 2 0 ] 

_h IB x. > /n y x * > h m 14 , X ffi It ft Jg ti S . ^ 3 ffi 4 (4 # £ ft # & P£ £ * L T v> 

± IB I? fi jg i4 , ? > , Mit* * > * z<nm n&tonm &mu ft & z. t # 

t? # * o ±IE^.>^>*^>I-SJ4 > Si L < ltaT*i^|*f«5±(:f 3 >t 

4 £ t ^Wtg^i-^COlC-h^ft^^tt^^r-t^,, ± ffi i > ^ > X p£ > l-JB^XK&JRfcT' 

[ 0 0 2 1 ] 

* §t m <d m <n m m <r> ® m k. & v> x it s m * ^ * =?■ m 1 B a c ^ o & « # sn x s a , 

(b) Xifi|?M<7>XK.i.>^>X^ > UtiStillt, 

(c) j:ifii>/N>^^ > 1** <o ± u -> - h'Si^atjigt , 

£ -fi- ^ T? ft £ o 
[ 0 0 2 2 ] 

io*iStoiBttic*v»-ci±, x 15 -> - k e {4 , suco^i^itiiLtuva, * 4 v> 40 

(4, g/hf If ijlO^^f'-fvy a ^l-AitSrStiaSa^^JKWJB^^jfiLTtiv^ 
„ o 4 *) , _h ffi v - K IS (4 , Co-POJ:^27C^#T-Uva, Co-W-Pco£o 
4 3 7C^4T'Uv» 0 ± ffi v - K Jg (4 , M i L < l± , 5 0 A- B 0 0 A«WS i:» jtt i 

[ 0 0 2 3 ] 

±ffi^«^^->^S£Xeii^ ffi /M « ? E ft 4 (4 ffi & fi it 1" 4 tz <7> % ft <T> H ft * 

a ft <o fi <t> i 4 7t (4 m ft o §s a t± > ± te m >j% b « ^ n ft 4 /c (4 u n ° n * ^ jft -r ^ *!> m 

J6 tC ffl v> f> it 4 a Jt |fi ffi /Jx ^ M ¥ M X n Q p (4 , 3 4 L < (4 % i/Mt? i /: l±S n a 0 Sr ® 50 
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ft "f Z> tz *6 CO m U M tfe tC jg L tz * - to , h U > , /Ur*-)H s il$l;f;, -> 'J 3 > 

* i± t ft *r * a * jt - /<» * * „ c: <o * , x K i 4 tz it « ft ^ g g ( i : 

« i co # v v a > x « * ffl v> x , x te & * ^ m *n x a <r> m m ^ % ± is « k « & <?> * sis 
53- * w a -t %> m *t ft * n r *k v* -> a > tc - & n k a £ & v> it at ® * ft m -r & ? s t % 

9rS«*»C4li*ftliit4ll«oi»ft*fiftai:-|fc»KaLfc^4ft«||!!i'6fti 

* # ^ -c m. h o 

[ 0 0 2 4 ] 10 

iU(fl, X|BJi>'/N>^^>b^5rftj!jnt"'?>^^1i, itS(6o I i I 
U ■ <r> 4 9 4 l^ft^Wf-fyy a >ffl»giT|)5 0 £ & mi , ± IE x > ^ > x * y 
b*Sr#*n-f-4#aii. CVDifcttPVDI8ffl«5SIf*oTUi>, X f E ^ > ^ > 
h « £ # iJP 1" & 3^ & ii ^ XfEJ^M5<OXi::XfEi>'^>^.*> h JS £ , 1 0 OAS 
7t 14 ^ ft .W. T CO J? £ , SiUlil 0 A-l 0 OA^iJC, 3 > 7 t -vJHcftltl. 

ii^wrffi-e*^, ±s^>^>^^ > hei±v is l < a, c u - a 1 , c u - m g , 

Cu-Zn©^4<; H loOiT^l^i, Co-P©i9 42S#4, C o - W ~ P 

co 4 o 4 3%^t, £> £ n t± i ft e> <d & ± <o ft % <b J? j£ £ ft. & 0 
[ 0 0 2 5 ] 

X IE x > ^ > > > b m CO X ^ £M £ « M ft # m IZ ft iju £ ¥• a 14 > ff£ X 20 

S K *3 v» T , Xfa&«tl,-caiS:#ip-f*ii:**BTtB"T?*«o IC3IAStfeltlB^3lt 

=? m m. co 4- ^ m &m x $ ft tz & , x ie n * ^ « t- ad x a o 7 ^ - /wkw^p»^#jr^sb^ 

[ 0 0 2 6 ] 

iB * © « ^ ra ^ s ?t I* as Si * b r & fc * t ffl ft ^ js /Jn ^ « ^- j n x n Q n co m ^ , & * s< 

^/ciOco^lco^-v^/s-h, Xi2^>'^>'X;>t> b/f*#Jp-r^7ti6cO^2C0-^^>'/< 
-=£r#i6^ii:7i ? -C'§^ 0 II:, jB*RK»lciiiDc7>v-K®t«®^^gcoi^t^, XfES 
iItfiI n 0 ^ s ±IEx>;>>x^ > b S £ ft -t s * CO X SB 0 2 CO > - {C # 30 
4t4Hi:f# j ;'>3>ts;i#i?ii 0 it, X IE x. > /\ v * ^ > h jf t , X IE 

-> - k a t N x ie m £ « o m $c ft # w ^ # ^ -> a > * , at k i*j <o # — o ^ * > ^ - p*g tc is 

[ 0 0 2 7 ] 

T , ii9X^tcs«?$ft^-e*^^ 0 

[ 0 0 2 8 ] 

m 1 A (± , lil SO Ltf I# h 1/ > f - y #'f S ? ft t y 'J 3>^^#:^jn-^*^-t- 
SIE?*4, 40 

la i b i±, * >- ^ * tz it rn.it 9 > 9 ^ <d i. i % w v> mm m &3tw x - k r ^ y v 9 

> $ ft h V>^-Sr*i-&viJ n>^^f$^^-^^S-^i-ifM|l|T-**o 

EI 2 14 , iv>*S«t?ilSji*: H-vf *#L, S»v>itS«jca#3gjft$fts^iif^RS 

* ? a "c> ft -S % v-V^^^^f^^-^-^^coifHEI-e^^o 

El 2 A li , 12 co m. X & ft £ 'J n>#^#^oi-/><o h u>f-oK:^:BfKia-e**o 
H 3 14 , ft 4o (c v» » AE Jl f, ^v>-e$#(5i;i5llx>AV^^Hftinfc 
h v > ^- * * 4 , -> 'J 3>^iS#«>x-^\*^i-|Briiiigr*&„ 

El 4 14 , H^>fi , iaft¥Kf#i'ys>JS4fflv>Tfli?J*S}ifc, B30J"Ja 
>^3»#->ji-^^^-tifMll-e*^ 0 

1 5 li, SWS:SfaL.T^*iJ<?D^Sr|^*LfcMco, ll4co>' 1 J=^>'4 i ^f^;^^-^^£^•t- 50 
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m ffi m -e h *) . ft _h tf s ft £ « a * - > b ^ m # tf A $ ft t v» «, 0 

m <D ± tC ffi <0 v - KIi?f-f y y a > $ it t V> 4 „ 

H 7 (± , W « « <Z> ± 'n. , Co-W-P^ii^i^lx>A>xr/H^ 7 5ff 
7* # v v a V L Of # y -> 3 > V - y £ , ^>^Xbd-A^B#W ( 5t (min. ) ) "C 

[ 0 0 2 9 ] 

m i a t # m -r %> t , ft^s-ffiit^^ji/c, a * ss a ^ m x & -e * & # * # x. - 

n i4 , M x Jf S i O 2 Wio^y'^^llftffii 0*^55, v 'J =f > t£ S flc # ft 1 10 
0 O * K (i «R /N H » * j£ * * h u > ^ i 2<*3B«SiiTV>4. 
[ 0 0 3 0 ] 

iSfr^S 1 0 Wiffili, IS L< liP VDI|MMv>t, f v>|Ii l 4 til Jii^ 

0 ft 43, CVDII^fflv^ilUUv'o RMti. -fcu, * v>ig?g£-#X t4Sft 
& A ib 4 * o ft ft ft re ffi m <r> U ft t4 , * > * ;u , ft ft * > * ;u , $ -ft * > * n> t 4 

m , * > ^ * :r > , a^t^>^^7 i >, ift^^^f^-fi, * > , a ft ? > , 

[ 0 0 3 1 ] 

*:l4RtLTi*Sft4;t#at Lv>, ^©±9*1111^ l¥ ffi Jf iv t o T O S ;ft ft 20 

ft & co T- & & c ^i^icii, pt a » o jp $ 14 , 7-f-^y±^o»hv>-^rt<7)3]i*>i5fjgM± 

K 43 v> T (4 , — ft {C 1 OOA- 5 0 0 Af*»), h V > CO (fill ffi ± tz 43 V> T (4 , 7 x ^ ? 
b ft a U» PR P CO ± i $ £ IE t T 1 0 0 A 4 * (4 ■? ft JK T V $> Z> . 4 £ , |P#tftT*tf 
$ *« ± -C" * £ b V V f- \Z 43 v> T (4 „ A I ffi ± (C T t:yy 3 > $ ft tz JM jj* * X U < ft 4 0 

[ 0 0 3 2 J 

02, 2 A * # JH * t , * « 1 0 «) ± 3^* S ft BE » JB l 6 14 , F^fi 2 

«0|*)gM^i3V i T® ; ifeS^Pi'ISrWLTV^4otC^$ftTv^ 0 B 2 CSSftTV>4 J: ^ c 

, mmm 1 en, y v > * <r> m m t m * » ^ <4 a ■=> t ^ ft 0 #j ft @ 1 s a ® <o 
ft(c^$ftT43i), £ t- (4 wstm itmmfawm- ^iot^^> 0 ^ai^ 20 a, nmx 30 

» -5 « S t= 43 «t h m if § T" * 4 o IS B % # 2 2 14 , atCBEJBO^JR^jr-v^rttxjB^^ 

v»T«atJlO±l=^j*Sft*«^-K»^ja«4#*tH»i-*f6W5C»*ft*+*o 
[ 0 0 3 3 ] 

is ^ m # k tk t4 , if a e#tt^o^a»^iL-ctf)tegj; f) u o tav^r-, m m m tc 

*tt****o^Rii, Nr b b b *S # (c is it 4 ffl <o «: ffc ic n « # if h ft 4 o r IS » 

o 0U x. 14 , T i N©|Iiii, «r B B H « # l= Bfi * * r IS » a <^ J i- 4 ft tc . iff, K 
lllltf 7--JV?iii„ Mr a tfc # K 45 It 4 ife ffc 4r « ^ $ * 4 fib <o l o <D -ft 14 , it 

^wHE»^«t-iaioti-fl.s:asjqLT^-^*^ja:i-sto-e** 0 ^jra?ft^#ft(4, a * 

, fit al fi # !Z * "t" f 4 „ ( M tf t !4* ft 4 c ) % & <D $t ft (4 . i-*©?|^ittf:ft 40 
^ S! H "T II * 4 o Cu-Sn, Cu-Zn, Cu-Mg, Cu-AlOiViftlft^ 

fifft®#1S4fc{±gS*W±<©*p|>U, fflJR^O«»*Hfjh^4c Cu-Sn^Cu-Z 
n 14 , ffi.m <D * ffi & Z. t K 1: <> X Q% IZ & If & C u <D m ± £ M h & & Z k & L> 

ft t v» -s „ a i 14 , fir b b b ¥S # 3st v « ffi k 43 v> r n *f 1" 4 M tf * 4 co -e > tiSliC u - A 

1 tfm<Dtzab<D^WL^mt Ul^Jfttl^. 
[ 0 0 3 4 ] 

lit M m CO ± iz -> - K « 7* # ->* v a > + J5 £ t \z 43 (t 4 l£ & gg L ^ M co 1 o J4 , ft *0 co 
®MiSi-?-co±cov-KS«!:comcoS,itfft#*?r#4£i:tc*4o ft o i ? ft it m It , m 

m m co m m k a < # * l ft „ ^ co ^ t tf, * m m w 6 , 197, 1 s 1 # ^ ie «t $ ft tz 50 
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-> - K x > ^ > X * > M^iIi«±t;tgfM?y y a > $ ft -f , PVD?f*y j / a 

> $ ft SB v - KgO±Cf #y y a >3ft4iSf*J 0 |$ St W <V ± ^ C V D T tt « f 

# v* v a V § ft ?t #0 <0 v - K Jf <f> & < ff -f\ CVDCi^iOy- K 
•f 4 to ic . LlfLlfP VDt:i4jB©y - K JS ?5 J ffl v» £> ft Z> 0 

[ 0 0 3 5 ] 

# 9k m iz i. ft (if , 13 t:^f i ^ I:, Hill 6©±i:itx>^yx^>M24 35 s , 
CVDII, PVDIgifclit«Ht¥fiIiOv>fji*»*Iv>T, =r > ? * - v ;t, ( iJ 
ttKlE-S- t T) I:fii!yy3>?n4 t Iftft^ftiat t It C V DIgi«a Hv>. * 

ffi m to o ft % im^ ^o^^tMitf^f^yy 3 >ig^f <,aui'„ 

Ulil 0 A ~ 1 OOAOlSfii), IS ffi J§ 1 6tCffft-f*«fLBl 8, J|? 10 
^ 2 0 , 2 2 (V S. o t£>Km% iJ X-lT 2, o Z <D W M ^ > ^ > X ji > V m l± 

^Tyy^A-l/vy^ttS. 
[ 0 0 3 6 ] 

> x ^ > t-lff*'y'/3 ^tKiiUct, SU <0 m <D v- - K Jl <n tt £ ft Rfc -f 3 - 
[ 0 0 3 7 ] 

wffii>^^^^>ni±, «c « « tc ft ji t , «*o«ic>oSt?riB»=i-*, * « & & jr 

Jgt S tiJ,, 1 4 L < l± , ltgJE.>/>>^^>hJi(±, u ft, y - i; z/ (Co-P) 20 

% 3;o^-?^^7>-!;> (co-w-p) « i o^?,atfnfc2%ifcii3s^ 

& # *» 6> A $ , 4Jv>li, Cu-Al, Cu-Mg, Cu-Zn, C u - S n <0 ^- 
[ 0 0 3 8 ] 

m Z L < l± , Hi>;OX^HtLtf*"yy3^ji5^#tf||a, C o - W - 

P t? * * o C o - W - P CO to CO « ^ K f # 3> v 3 > X® l± „ Tit IX # ft 5 , 6 95, 

8io-^-i-#«atciEfg$ix-ci5i), cicwiRfttiftjatTiefitio d<o^#cojs.i!!6tr 

4 f ^ y a y fig l± , lis - 9 0 t f B 1 C ^ 4 , L^Lftitf), 9 0 *C tc £ T ti „ M 
» c <t h tR j& is « co » * js* a * -e * «9 , 7 5t8*i«aUv>, 7* # ^ -> 3 > £ ft c 
o-W-PJHOffSli, Rff 5i o f y v 3 > it ¥ K o v> T CO r* # V v s > B# H X IF 9. ft £ 30 

t± , H $C it # fit) ■5 s * V v 3 > X ® is T , 7 5 "C.T' . T iN^^JloXlC, % 1 0 

0 A - 2 0 0 A <0 7* $ v v 3 > V - V ~C T *° *J v a > ^ ft & o 
[ 0 0 3 9 ] 
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